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STEAM TURBINE UTILIZING IP
EXTRACTION FLOW FOR INNER SHELL
COOLING

BACKGROUND OF THE INVENTION

The mvention relates to steam turbines and, more particu-
larly, to a steam turbine utilizing IP extraction flow for inner
shell cooling.

Steam turbines are often used for large power systems
having a steam turbine and a steam generating source. The
source may come in the form of single or multiple gas tur-
bines coupled with single or multiple heat recovery steam
generators or a coal fired boiler or anuclear reactor. The steam
turbine and source(s) drive an electrical generator as the load.
Many arrangements for steam turbines in a power plant have
been proposed. In a steam turbine thermal cycle, the hot
exhaust gas from a combustion gas turbine or coal combus-
tion 1n a boiler or fission reaction 1n a nuclear reactor contrib-
utes heat energy to partially or wholly generate the steam used
in the steam turbine.

A steam turbine 1s a mechanical device that extracts energy
from pressurized steam and converts the energy into work.
Steam turbines receive a steam flow at an inlet pressure
through multiple stationary nozzles that direct the steam flow
against buckets rotationally attached to a rotor of the turbine.
The steam flow impinging on the buckets creates a torque that
causes the rotor of the turbine to rotate, thereby creating a
usetul source of power for turning an electrical generator or
the like. The steam turbine includes, along the length of the
rotor, multiple pairs ol nozzles (or fixed blades) and buckets.
Each pair of nozzle and bucket 1s called a stage. Each stage
extracts a certain amount of energy from the steam flow
causing the steam pressure to drop and the specific volume of
the steam tlow to expand.

Generally, a steam turbine has multiple extractions from its
stecam path. Extractions are used in feedwater heaters to
improve the cycle heat rate. With reference to FIG. 1, typi-
cally, the extraction from IP exhaust 12 1s provided to a
teedwater heater 14. It would be desirable to recover the
waste heat from the mner shell to thereby improve steam
turbine performance.

BRIEF DESCRIPTION OF THE INVENTION

In an exemplary embodiment, a steam turbine includes a
high pressure (HP) section, an intermediate pressure (IP)
section downstream of the high pressure section, and a low
pressure (LP) section downstream of the intermediate pres-
sure section. The HP and IP sections may be included 1n a
single outer shell or separate outer shell. A steam circuit 1s
defined through the high pressure, intermediate pressure, and
low pressure sections. The steam circuit includes a hot reheat
steam 1nput to the intermediate pressure section, a first flow
path flowing the hot reheat steam from an HP side through the
intermediate pressure section to an LP side to create work,
and a second tlow path that directs a portion of the flow back
toward the HP side 1in the HP and IP sections between an outer
shell and an inner shell of the turbine.

In another exemplary embodiment, a steam circuit through
a multi-section single shait turbine includes a hot reheat
steam 1nput to a section of the multi-section turbine, a first
flow path flowing the hot reheat steam from an upstream side
through the section of the multi-section turbine to a down-
stream side to create work, and a second tlow path that directs
a portion of the flow back toward the upstream side 1n the
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2

section of the multi-section turbine between an outer shell
and an mner shell of the turbine.

In yet another exemplary embodiment, a method of cooling,
an mnner shell in a steam turbine using IP extraction flow
includes the steps of directing a hot reheat steam 1nput to an
intermediate pressure section of the turbine; flowing the hot
reheat steam via a first flow path from an HP side through the
intermediate pressure section to an LP side to create work;
and directing the tlow via a second flow path back toward the

HP side 1n the intermediate pressure section between an outer
shell and the inner shell of the turbine.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic illustration of a typical steam turbine
cycle;

FIG. 2 1s a schematic illustration of a steam turbine cycle
that utilizes 1P extraction tlow for inner shell cooling; and

FIG. 3 1s an enlarged schematic of the turbine IP section.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 2 1s a schematic 1llustration of a steam turbine cycle
according to preferred embodiments. Generally, a boiler, a
heat recovery steam generator (HRSG), or a nuclear reactor 1s
coupled to a steam turbine-generator. Steam 1s produced 1n
the boiler, HRSG or nuclear reactor and flows through a steam
pipe or the like to a high pressure section 22 of the turbine.
The boiler, HRSG or nuclear reactor produces heat to convert
water 1nto steam used to drive the turbine.

Exhaust from the high pressure section 22 1s reheated in the
boiler or HRSG and redirected to an intermediate pressure
section 24, downstream of the high pressure section 22, as hot
reheat steam.

In the mtermediate pressure section 24, a steam circuit
includes a hot reheat steam input 28. With reference to FI1G. 3,
a first flow path of the steam circuit 1n the mtermediate pres-
sure section 24 tlows the hot reheat steam from an HP side
(left side 1in FIGS. 2 and 3) through the intermediate pressure
section 24 to an LP side (right side in FIGS. 2 and 3) to create
work. A second flow path 32 directs a portion of the flow back
toward the HP side 1n the HP and IP sections 22, 24 between
an outer shell and an inner shell of the turbine. The steam
circuit also includes an IP exhaust extraction 34 directing
flow from the second flow path 32 to an open feedwater heater
or deaerator 36 (FI1G. 2) or to a closed feedwater heater.

As shown 1n FIG. 2, the same circuit also includes an IP

extraction 38 downstream of the hot reheat steam input 28
that receives partially expanded hot reheat steam and directs
extracted steam to a different feedwater heater 40. A cross-
over tlow path 42 directs input steam from the second tlow-
path 32 to a low pressure section 26 of the turbine.
The second flow path 32 defines a heat exchange path
wherein the outer shell and inner shell of the turbine are
cooled while the flow 1s heated. Waste heat 1n the space
between the mnner and outer shells can thus be recovered via
the second flow path 32. The higher temperature steam can
then be taken out of/extracted from the steam turbine via a
flange or the like. As a consequence of the higher temperature
stcam 1n the IP exhaust extraction 34, a required amount of
extraction tlow can be reduced to reach the design final feed-
water temperature. As a consequence, an additional amount
of steam flow would be available for power generation 1n
downstream stages of the steam turbine. This structure leads
to mncreased generator output and reduced heat rate of the
cycle.
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The effective shell cooling according to preferred embodi-
ments provide for increased main and reheat steam tempera-
tures to improve performance. The system reduces the extrac-
tion steam flow required to meet the design final feedwater
temperatures and allows more steam to expand through the
low pressure section.

While the invention has been described 1n connection with
what 1s presently considered to be the most practical and
preferred embodiments, 1t 1s to be understood that the mven-
tion 1s not to be limited to the disclosed embodiments, but on
the contrary, 1s intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What 1s claimed 1s:

1. A steam turbine comprising;:

a high pressure (HP) section;

an intermediate pressure (IP) section downstream of the

high pressure section;

a low pressure (LP) section downstream of the intermedi-

ate pressure section; and

a steam circuit through the high pressure, intermediate

pressure, and low pressure sections, the steam circuit

including;

a hot reheat steam input to the intermediate pressure
section,

a first flow path tlowing the hot reheat steam from an HP
side through the intermediate pressure section to an
[P side to create work, and

a second flow path that directs a portion of the flow back
toward the HP side 1n the intermediate pressure sec-
tion between an outer shell and an mner shell of the
turbine.

2. A steam turbine according to claim 1, wherein the steam
circuit further comprises an IP exhaust extraction from the
second tlow path to a first feedwater heater.

3. A steam turbine according to claim 2, wherein the steam
circuit further comprises an IP extraction downstream of the
hot reheat steam iput that recerves partially expanded hot
reheat steam and directs extracted steam to a second feedwa-
ter heater.

4. A steam turbine according to claim 1, wherein the steam
circuit further comprises a crossover flow path that directs
input steam from the second flow path to the low pressure
section.

5. A steam turbine according to claim 1, wherein the second

flow path defines a heat exchange path wherein the outer shell
and the 1inner shell of the turbine are cooled and wherein the

flow 1s heated.
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6. A steam circuit through a multi-section single shaft

turbine, the steam circuit comprising:

a hot reheat steam 1nput to a section of the multi-section
turbine;:

a first flow path flowing the hot reheat steam from an
upstream side through the section of the multi-section
turbine to a downstream side to create work; and

a second flow path that directs a portion of the flow back

toward the upstream side 1n the section of the multi-
section turbine between an outer shell and an 1nner shell
of the turbine.

7. A steam circuit according to claim 6, further comprising,

an IP exhaust extraction from the second flow path to a first
feedwater heater.

8. A steam circuit according to claim 7, further comprising,
an I[P extraction downstream of the hot reheat steam 1nput that
receives partially expanded hot reheat steam and directs
extracted steam to a second feedwater heater.

9. A steam circuit according to claim 6, further comprising
a crossover tlow path that directs input steam from the second
flow path to a downstream section of the turbine.

10. A steam circuit according to claim 6, wherein the sec-
ond tlow path defines a heat exchange path wherein the outer
shell and the inner shell of the turbine are cooled and wherein
the flow 1s heated.

11. A method of cooling an iner shell 1n a steam turbine
using IP extraction tlow, the method comprising:

directing a hot reheat steam 1nput to an intermediate pres-

sure section of the turbine;

flowing the hot reheat steam via a first tlow path from an HP

side through the intermediate pressure section to an LP
side to create work:; and

directing a portion of the flow via a second tlow path back

toward the HP side in the mntermediate pressure section
between an outer shell and the mnner shell of the turbine.

12. A method according to claim 11, further comprising
extracting an IP exhaust from the second flow path to a first
feedwater heater.

13. A method according to claim 12, further comprising
extracting IP steam downstream of the hot reheat steam 1nput
via partially expanded hot reheat steam, and directing the
extracted steam to a second feedwater heater.

14. A method according to claim 11, further comprising
directing nput steam from the second flow path to a low
pressure section via a crossover tlow path.

15. A method according to claim 11, wherein the step of
directing the flow via the second flow path 1s practiced to cool
at least the inner shell of the turbine and to heat the flow.
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